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ABSTRAK 
Konkrit ringan telah banyak digunakan sebagai bahan pembinaan untuk pembangunan. 
Pengeluaran simen menghasilkan gas karbon dioksida yang membahayakan alam 
sekitar. Pada masa yang sama, Malaysia merupakan salah satu pengeluar dan 
pengeksport terbesar yang telah menghasilkan abu bahan bakar kelapa sawit  yang akan 
dibuang sebagai sisa. Oleh itu, penyelidikan ini menyiasat suhu-suhu tinggi pada sifat 
konkrit ringan yang mengandungi abu bahan bakar kelapa sawit sebagai pengganti 
simen separa. Konkrit ringan dibuat dengan simen digantikan dengan peratusan yang 
berbeza daripada abu bahan bakar kelapa sawit (10%, 20%, 30% dan 40%). Ujian 
kekuatan mampatan dilakukan terhadap spesimen selepas kaedah 
penyejukan.Kemudian, spesimen tersebut tertumpu kepada suhu tinggi (200 °C, 400 °C, 
600 °C dan 800 °C) dalam relau elektrik selama tempoh 1 jam. Selepas itu, spesimen 
konkrit akan tertakluk kepada penyejukan air sehingga tiada stim. Seterusnya, spesimen 
akan diuji untuk sifat fizikalnya seperti warna, berat, retak dan kekuatan mampatan. 
Penemuan ini akan menunjukkan prestasi konkrit ringan yang mengandungi abu bahan 
api kelapa sawit apabila tertakluk kepada suhu tinggi. Pada 40% konkrit daripada abu 
bahan kelapa sawit, penurunan berat badan adalah yang tertinggi pada semua suhu 
kerana kawalan kandungan kelembapan yang lebih tinggi oleh jumlah yang tinggi abu 
bahan kelapa sawit. Seterusnya, kekuatan mampatan sisa pada 10% abu bahan kelapa 
sawit menunjukkan nilai tertinggi kerana konkrit menjalani dua jenis proses 
penghidratan nama proses dan tindak balas pozolanik yang dihasilkan lebih banyak 
kalsium silicate hydrate (C-S-H) gel. Di samping itu, keretakan garis rambut 
diperhatikan pada 400 °C dan lebih banyak keretakan boleh dilihat pada suhu 600 °C-
800 °C. 
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ABSTRACT 
Lightweight concrete has been largely used as construction material for development. 
The cement production produce carbon dioxide gas which harmful to the environment. 
At the same time, Malaysia being one of the largest producer and exporter palm oil 
produces POFA which disposed as waste. Thus, this research investigate the influence 
of elevated temperature on properties of lightweight concrete containing palm oil fuel 
ash (POFA) as partial cement replacement. Lightweight concrete was partially replaced 
by different percentages of POFA (10%, 20%, 30% and 40%). Compressive strength 
test was conducted on control specimens as well as the specimens after cooling method. 
Then, the specimens were subjected to high temperature beginning from 200°C, 400°C, 
600°C until 800°C in electric furnace for 1 hour period. After that, the concrete 
specimens subjected to water cooling until there is no steam out. Next, the specimens 
were observed for its physical changes namely color, weight loss and cracks. The 
residual compressive strength also been tested. At 40% of POFA, the weight loss is the 
highest at all temperatures due to the greater moisture content control by the high 
volume of POFA. Next, the residual compressive strength at 10% of POFA show the 
highest value because of the concrete undergo two types of process name hydration 
process and pozzolanic reaction which more calcium silicate hydrate (C-S-H) gel 
produced. In addition, the hairline cracks were observed at 400°C and more cracks can 
be seen at 600°C-800°C. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Introduction 
With the growing demand for supplementary cementing materials, smart and 
efficacious conservation of construction materials comprising several by-product wastes have 
received more attention for the sustainability of green construction (Sua-iam & Makul, 2013). 
As Malaysia is one of the largest exporter and producer, it produces more waste such as palm 
oil fuel ash and palm oil boiler stone through an incineration process. To reduce the usage of 
cement, waste products from palm oil mill can be utilize towards to sustainability of green 
construction. The issue of natural resources depletion has been mentioned by (Bjork, 1999). 
Thus, concern towards environmental degradation such as global warming, atmosphere 
pollutions and waste disposal lead to the usage of waste product in lightweight concrete. 
Fire represents one of the most severe potential risks to which structures may be 
subjected. The performance of all load bearing structural members in buildings under 
elevated temperature is the foremost concern that must be addressed to allow their safe use 
(Jumaat, Alengaram, Ahmmad, Bahri, & Islam, 2015). Therefore, the present research seeks 
to explore the performance of lightweight concrete containing palm oil fuel ash in response 
towards elevated temperature. The determination of elevated temperature resistance of 
lightweight concrete during fire is complicated due to the constituent materials with different 
thermal characteristics of this composite material and it is also dependent on moisture content 
and porosity  (Shah & Ahmad, 1994).  
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This study focused on the properties of lightweight concrete containing palm oil fuel 
ash (POFA) after subjected to elevated temperatures. The behaviour of the lightweight 
concrete with POFA at elevated temperatures was investigated in comparison with the 
behaviour of normal concrete. A comparative analysis was conducted in terms of physical 
changes of the lightweight concrete. It is projected that the results of this study can deepen 
the understanding of lightweight concrete POFA leading to safer design and application of 
this technology. An assessment of the impact of water cooling was also included in this 
research.
1.2 Problem Statement 
Since Malaysia is one of the largest exporter and producer in the world, the waste 
products, palm oil fuel ash (POFA) were disposed in the landfills which cause environmental 
pollution. Plus, due to high demand of cement for development, the price of the cement 
increasing over the time and thus make the construction cost higher. Concern towards 
preserving natural resources for future generation has lead towards approaches of using palm 
oil fuel ash (POFA) as partial cement replacement in lightweight concrete. Although it can be 
used to produce lightweight concrete but the fire resistance of this palm oil fuel ash (POFA) 
lightweight concrete yet to be studied. Since, the determination of elevated temperature 
resistance of lightweight concrete during fire is very complicated due to constituent’s 
materials with different thermal characteristics of this composite (Shah & Ahmad, 1994). 
Therefore, the present research investigates fire resistance containing palm oil fuel ash 
(POFA) in lightweight concrete. 
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1.3 Objectives 
This study was conducted to achieve the following objectives: 
i. To investigate the impact of elevated temperature on colour and weight loss of 
lightweight concrete containing palm oil fuel ash as partial cement replacement 
subjected to water cooling. 
ii. To determine the effect of elevated temperature on compressive strength of 
lightweight concrete containing palm oil fuel ash as partial cement replacement 
subjected to water cooling. 
1.4 Significance of Research 
This study provides knowledge on the properties of lightweight concrete containing 
palm oil fuel ash (POFA) when it is subjected to high temperature. From the research, we can 
discover the effect of palm oil fuel ash as partial cement replacement on the behaviour of 
lightweight concrete. By using palm oil fuel ash (POFA) as partial replacement in the 
concrete, we can reduce the usage of landfill to dispose the by-products of palm oil. 
Furthermore, we can reduce the production and usage of cement in concrete so that the 
emission of carbon dioxide gas is decrease. From that, we can reduce the effect of the 
greenhouse gases which lead to global warming. 
61 
REFERENCES 
Abutaha, F., Razak, H. A., & Kanadasan, J. (2016). Effect of palm oil clinker (POC) aggregates 
on fresh and hardened properties of concrete. Construction and Building Materials 112, 416–
423. 
Abutaha, F., Razak, H. A., & Kanadasan, J. (2016). Effect of palm oil clinker (POC) aggregates 
on fresh and hardened propertoes of concrete. 
Ahn, Y., Jang, J., & Lee, H. (2016). Mechanical properties of lightweight concrete made with 
coal ashes after exposure to elevated temperatures. Cement and Concrete Composites 72 , 27-
38. 
Arioz, O. (2007). Effects of elevated temperatures on properties of concrete. Fire Safety 
Journal 42 , 516–522. 
Awal, A. A., & Hussin, M. W. (2011). Effect of Palm Oil Fuel Ash in Controlling Heat of 
Hydration of Concrete. Procedia Engineering 14, 2650–2657. 
Awal, A. A., Shehu, I., & Ismail, M. (2015). Effect of cooling regime on the residual 
performance oh high-volume palm oil fuel ash concrete exposed to high temperature. 
Construction and Building Materials, 875-883. 
Bilow, D., & M.Kamara. (2008). Fire and Concrete Structures. Structures Congress, 1-10. 
Bjork, F. (1999). Concrete Technology and Sustainable Development. Key Issues From The 
1999 Vancouver Symposium On Concrete. 
Bynum, R. (2001). Insulation Handbook. McGraw Hill. 
Hamada, H. M., Jokhio, G. A., Yahaya, F. M., Humada, A. M., & Gul, Y. (2018). The present 
state of the use of palm oil fuel ash (POFA) in concrete. Construction and Building Materials 
175 , 26–40. 
Ibrahim, H. A., & Razak, H. A. (2016). Effect of palm oil clinker incorporation on properties of 
pervious concrete. Construction and Building Materials 115, 70-77. 
Islam, M. M., Mo, K. H., Alengaram, U. J., & Jumaat, M. Z. (2016). Mechanical and fresh 
properties of sustainable oil palm shell lightweight concrete incorporating palm oil fuel ash. 
Journal of Cleaner Production 115 , 307 - 314. 
62 
Ismail, M., Ismail, M. E., & Muhammad, B. (2011). Influence of elevated temperatures on 
physical and compressive strengthproperties of concrete containing palm oil fuel ash. 
Construction and Building Materials 25 , 2358–2364. 
Jaturapitakkul, C., Tangpagasit, J., Songmue, S., & Kiattikomol, K. ( 2011). Filler effect and 
pozzolanic reaction of ground palm oil fuel ash. Construction and Building Materials 25, 4287–
4293. 
Jumaat, M. Z., Alengaram, U., Ahmmad, R., Bahri, S., & Islam, A. (2015). Characteristics of 
palm oil clinker as replacement for oil palm shell in lightweight concrete subjected to elevated 
temperature. Construction and Buildings Materials 101, 942-951. 
Kanadasan, J., & H.A. Razak. (2015). Engineering and sustainability performance of self 
compacting alm oil mill incinerated waste concrete. J. Cleaner Prod. 89 , 78-86. 
Khankhaje, E., Hussin, M. W., JahangirMirza, Rafieizonooz, M., Salim, M. R., Siong, H. C., et 
al. (2016). On blended cement and geopolymer concretes containing palm oil fuel ash. 
Materials and Design 89, 385–398. 
Li, M., Qian, C., & W. Sun. (2004). Mechanical properties of high strength concrete after fire. 
Cem. Concr. Res. 34 (6) , 1001–1005. 
Mo, K. H., Chai-Ling, T., Alengaram, U., Yap, S. P., & Yuen, C. W. (2017). Overview of 
supplementary cementitious materials usage in lightweight aggregate concrete. Construction 
and Building Materials 139, 403-418. 
Mohammadhosseini, H., & Yatim, J. M. (2017). Microstructure and residual properties of green 
concrete composites incorporating waste carpet fibers and palm oil fuel ash at elevated 
temperatures. Journal of Cleaner Production 144 , 8-21. 
Mujah, D. (2016). Compressive strength and chloride resistance of grout containing ground 
palm oil fuel ash. Journal of Cleaner Production 112 , 712-722. 
Munir, A., Abdullah, Huzaim, Sofyan, Irfandi, & Safwan. (2015). Utilization of palm oil fuel 
ash (POFA) in producing lightweight foamed concrete for non-structural building material. 
Procedia Engineering 125, 739 – 746. 
Neville, A. (2005). Properties of Concrete. Pearson Education Limited. 
63 
Oqla, F. M., & Sapuan, S. (2014). Natural fiber reinforced polymer composites in industrial 
applications: feasibility of date palm fibers for sustainable automotive industry. Journal of 
Cleaner Production Volume 66, 347-354. 
Ranjbar, N., Mehrali, M., Alengaram, U. J., Metswlaar, H. S., & Jumaat, M. Z. (2014). 
Compressive strength and microstructural analysis of fly ash/palm oil fuel ash based 
geopolymer mortar under elevaated temperatures. Construction and Building Materials 65, 114-
121. 
Raut, A. N., & Gomez, C. P. (2016). Thermal and mechanical performance of palm oil fiber 
reinforced mortar utilizing palm oil fuel ash as a complementary binder. Construction and 
Building Materials 126, 476-483. 
Shah, S., & Ahmad, S. (1994). High Performance Concrete, Properties and Applications. 
Sooraj, V. (2013). Effect of Palm Oil Fuel Ash on Strength Properties of Concrete. Interntional 
Journal of Scientific and Research Publication Vol.3 Issue 6. 
Sua-iam, G., & Makul, N. (2013). Use of recycled alumina as fine aggregate replacement in 
self-compacting concrete. Construction and Building Materials 47 , 701–710. 
Sumathi, S., Chai, S., & Mohamed, A. (2008). Utilization of Oil Palm as a Source of 
Renewable Energy in Malaysia. Renewable and Sustainable Energy Reviews 12 (9), 2404-2421. 
Tangchirapat, W., Jaturapitakkul, C., & Chindaprasirt, P. (2009). Use of palm oil fuel ash as 
supplementary cementitious material for producing high-strength concrete. Construction and 
Building Materials 23, 2641-2646. 
Tangchirapat, W., Khamklai, S., & Jaturapitakkul, C. (2012). Use of ground palm oil fuel ash to 
improve strength, sulfate resistance, and water permeability of concrete containing high amount 
of recycled concrete aggregates. Materials and Design 41 , 150–157. 
Tasdemir, C., Sengul, O., & Tasdemir, M. A. (2017). A comparative study on the thermal 
conductivities and mechanical properties of lightweight concretes. Energy and Buildings 151 , 
469–475. 
Tay, J.-H., & Show, K.-Y. (1995). Use of ash derived from oil-palm waste incineration as a 
cement replacement material. Resources, Conservation and Recycling 13 , 27-36. 
64 
Topcu, I., & Demir, A. (2002). Effect of fire and elevated temperatures on reinforced concrete 
structures. Bulletin of Chamber of Civil Engineers, Eskisehir Branch , 101-151. 
Yuksel, I., Siddique, R., & Ozkan, O. (2011). Influence of high temperature on the properties of 
concretes made with industrial by-peoducts as fine aggregate replacement. Construction and 
Building Materials, 967-972. 
 
